This project aims to remediate fuel spills by extracting hydrocarbon vapors from contaminated earth, and burning them in a diesel engine. The diesel engine destroys hydrocarbons more effectively than spark-ignited units currently in use, uses less fuel, uses fuel commonly available on Air Force installations, and produces usable electrical power as a by-product. A surplus diesel-powered electrical generator was fitted with measurement and control mechanisms for the project. Limitations were identified in terms of the concentration of gaseous fuel, hydrocarbon destruction efficiency and the fuel required. The unit's operation was tested during six days of operation connected to extraction wells at Kirtland AFB, in Albuquerque, New Mexico. 
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EXECUTIVE SUMMARY
Problems and Objectives: Environmental and health hazards posed by soil contamination resulting from underground fuel tank leakage and spillage at U.S. Air Force bases has created a need for cost-effective methods of removing volatile and combustible compounds from subterranean soil. Following removal of as much liquid-state contaminant as possible from a site, the next step in the clean-up process is further removal of contaminant in gaseous form as it evaporates from the saturated soil. One method employed is to bore a well, insert a pipe into the contaminated soil and route the vapors into the intake of a running engine for combustion.
Current engines used for this task are spark-ignited automotive models using propane or natural gas as supplemental fuel during startup and lean vapor conditions. The purpose of this project is to investigate whether a compression-ignition (CI) diesel engine could perform the same function, perhaps increasing efficiency, durability and reliability.
Importance of Project:
Continuous operation of an engine for this purpose can result in significant maintenance cost over time. The inherently sturdier design of compression-ignition engines predicts greater durability and a longer life cycle between rebuilds. Other important advantages that a CI engine may offer in this application are the capability to operate at leaner air-fuel ratios and the ability to use readily available JP-8 as a supplemental fuel instead of bottled gases. Using a liquid fuel could also reduce the requirement for refueling, since a larger tank could be used, thereby reducing the associated labor costs.
Technical Approach: A diesel-electric generator set obtained from Air Force surplus inventory was equipped for operation as a pre-mixed vapor dual-fuel test platform. The engine was operated at various steady state speed and load conditions while the gas to air ratio in the intake air stream was incrementally increased. At each test point, the cylinder pressure was monitored for indications of potentially damaging knock, and parameters such as fuel and air consumption rates and engine temperatures were recorded.
Accomplishments:
The device was devised, constructed, refined and tested in preparation for a field test at a typical well site. Data was acquired at a wide range of engine speed, load and intake pressure conditions, using different concentrations of the well gases, to investigate and describe how the engine will operate in actual use.
Military Impact:
The results of this limited study show promise for the possibility of using diesel engines in the task of removing and destroying fuel vapors from underground contamination sites. If the concept ultimately proves practicable through further investigation, it could potentially increase the effectiveness and reliability of engine-based ground vapor removal systems while simultaneously reducing the maintenance costs associated with them.
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BACKGROUND AND OBJECTIVE
This project aims to remediate fuel spills by extracting hydrocarbon vapors from contaminated earth, and burning them in a diesel engine. The diesel engine destroys hydrocarbons more effectively than spark-ignited units currently in use, uses less fuel, uses fuel commonly available on Air Force installations, and produces usable electrical power as a by-product. A surplus diesel-powered electrical generator was fitted with measurement and control mechanisms for the project. Limitations were identified in terms of the concentration of gaseous fuel, hydrocarbon destruction efficiency and the fuel required. The unit's operation was tested during six days of operation connected to extraction wells at Kirtland AFB, in Albuquerque, New Mexico.
ACCOMPLISHMENTS
A 60-kW genset for project use was delivered to SwRI on 13 November 2003. The unit was installed in a test cell, with devices to provide and measure fuel flow, monitor the genset's instruments, and to apply and dissipate electrical load.
An appropriate controller for the GVEC system was selected based on its capabilities, price and availability and was acquired along with the software required for the project work. To monitor genset operation for control purposes, instrumentation was added to electronically monitor:
• the genset controller's command signal to the fuel pump actuator
• the electrical power output
• intake pressure upstream and downstream of the turbocharger
To implement the control functions, two electronically controlled and monitored throttle valves were installed upstream of the air filter -one to control flow from a well, and the other to control bypass airflow. Their combined operation controls the total flow into the engine, therefore also the pressure upstream of the turbocharger, and the relative mixture of well gases and bypass air.
An air enclosure was fabricated from a surplus ammunition can, to house the two throttle valves, an air filter, the intake manifold pressure valve, and a drain valve. See Figure 1 below. The two throttle valves are arranged to breathe through flanges on the outside of the can. One will induct fresh bypass air; the other will control flow from a well. An air filter is mounted inside the can, so that flow from both sources will be filtered before entering the engine. A pressure sensor capable of measuring 40-120 kPaa is mounted inside the can, to monitor the vacuum applied to the well. On the bottom of the enclosure is a drain valve, to empty water buildup from the can during maintenance.
The 180° elbow in the exhaust pipe connected to the turbocharger outlet was modified to mount an exhaust oxygen sensor. See Figure 2 below. The ether system injection jet was relocated to a T-fitting, so that another pressure sensor can be added to that site. This sensor, capable of sensing 90-450 kPaa, will monitor the engine's manifold pressure. 
(below) Oxygen Sensor Installed in Exhaust Elbow
A range of problems occurred during the work. The most important, both technically, and in terms of time and cost to correct, were genset controller failures. The cause of these failures appears to be accidental grounding of the fuel pump actuator drive circuit, through the circuits added to monitor the genset operation. The grounding events resulted in failed components on the genset controller circuit board. In the first instance, there was no visible damage on the board. Attempts at diagnosis and correction consumed several months and a substantial share of the project budget. A second failure, likely similar in cause to the first, occurred when the same circuit grounded along a second grounding path, after the first one was identified and isolated.
Two new Genset controllers were ordered and arrived several months later. The new units are made by Woodward, and are labeled as a direct exchange for the DYNA-10502-003-0-24 controller they are to replace. One of the new controllers was installed on the genset, along with replacements for the ammeter and hour meter, which were not working when the genset arrived at SwRI. All GVEC instrumentation was removed from the genset in order to test the new controller's fitness for the task. The genset was started, warmed up, and a range of loads was applied. The genset did function correctly with the new replacement controller. Woodward repaired the damaged genset controller successfully, and it is now on hand as a potential replacement, for this or another generator. There is reason to believe that the same service could repair the other failed controller, if another working one were required.
Several electrical circuits were devised, constructed and installed:
• New circuits designed to eliminate the previous grounding problems were installed on the genset and tested successfully.
• A circuit was designed to better measure the fuel command signal given by the genset controller to its fuel pump actuator. Previous attempts to measure this command produced unusable results.
• A wiring harness connecting the controller to the added sensors and actuators, the genset itself, and an external load bank was constructed. It was necessary to order some electrical connectors, and to determine the best way for the controller to communicate with the various peripheral devices.
• Coordination with a representative of Technology Research Corporation of Clearwater, Florida, which produced the fault light unit on the genset, revealed a technique for the GVEC controller to sense if any of those faults are active.
• The asymmetrical discharge of the unit's two electrical storage batteries was remedied with the addition of a regulated DC-DC power supply, which draws power from the pair of batteries, loading them equally, and supplies 12 volts, up to 12.5 amps, to the GVEC system. The power supply does add some cost, complexity and packaging requirement to the overall system, but is considered to be a necessity.
• A series of problems relating to sensing and actuating the throttle valves was traced to a faulty chip in the GVEC controller. The chip was replaced at the factory, and the unit was resealed and shipped back to SwRI to continue controls work.
A program in C and Matlab was devised to implement the control techniques previously agreed upon.
The software was flashed to the controller, and tested in simulation to exercise each of the functions.
Once a wiring harness was available, the controller was installed on the genset, to perform calibration work to correlate sensor and actuator signals to physical parameters used by the control program. There will be some troubleshooting requirements, and some software enhancements will be developed and implemented.
As the GVEC system does not have direct control of the genset load, the project controls engineer implemented techniques to control the system without it in the initial field tests. This somewhat compromises the system's ability to optimize the vacuum applied to the wellhead, and to optimize fuel economy, but it should still perform the extraction and destruction functions, and should run without damage.
In preparation for the upcoming field test and transportation, all wiring and control system devices were remounted in a weatherproof enclosure. The electrical wiring, fuel lines, exhaust pipes, etc. that connected the GVEC system to the test cell were removed. The device was securely mounted on a trailer, on which it was transported to the field test site, stayed on the trailer during operation, and was removed only upon its return to SwRI. A rack of gas bottles was similarly bolted to the trailer, and all other ancillary test equipment, including the laptop computer being used to interface with the GVEC controller, and hydrocarbon analyzers to monitor its performance during testing, was loaded into the heavy-duty pickup truck that pulled the trailer. The complete rig in place at the test site is shown in Figure 3 . ; the remainder of that day was occupied with transforming the data into a usable form, and experimenting with the system's reaction to well gases. The system consumed well gases on the 21 st and part of the 22 nd , and generated much useful data. All equipment was again prepared for movement by the end of the 22 nd , and the entire system returned to SwRI on Sunday, 23 October.
The data acquired characterized the system's performance under four levels of load and various levels of vacuum, while connected to four different wells -which is to say, four different mixtures of gases.
There were nine wells available, and some data was acquired from each, but some were found to be unsuitable for this testing because of low hydrocarbon levels, or because of water in the well. A selection of the acquired data is shown below, in Table 1 . 
CONCLUSIONS
The data indicates that the system is capable of performing the desired function, and of achieving the project goals: hydrocarbon destruction, with reduced fuel consumption and maintenance requirements, using available equipment and fuel, while producing usable electricity. One operational problem identified during the testing will have to be corrected with a system enhancement involving added hardware and software changes. Further development will be required to optimize the equipment for these purposes, to allow the equipment to operate in the absence of an operator, and to enhance the system's operational abilities with added features.
RECOMMENDATIONS
Further development work is recommended to enhance the system's abilities and to correct an operational problem identified during the testing. The system, once completed, could be offered to any military organization worldwide with a need for hydrocarbon destruction.
